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Abstract. Limited evidence suggests that children in sub-Saharan Africa hospitalized with all-cause severe anemia or
severe acute malnutrition (SAM) are at high risk of dying in the first few months after discharge. We aimed to compare
the risks of post-discharge mortality by health condition among hospitalized children in an area with high malaria
transmission in western Kenya. We conducted a retrospective cohort study among recently discharged children
aged < 5years using mortality data from a health and demographic surveillance system that included household and
pediatric in-hospital surveillance. Cox regression was used to compare post-discharge mortality. Between 2008 and
2013, overall in-hospital mortality was 2.8% (101/3,639). The mortality by 6 months after discharge (primary outcome)
was 6.2% (159/2,556) and was highest in children with SAM (21.6%), followed by severe anemia (15.5%), severe pneu-
monia (5.6%), “other conditions” (5.6%), and severe malaria (0.7%). Overall, the 6-month post-discharge mortality in
children hospitalized with SAM (hazard ratio [HR] = 3.95, 2.60-6.00, P < 0.001) or severe anemia (HR = 2.55, 1.74-3.71,
P < 0.001) was significantly higher than that in children without these conditions. Severe malaria was associated with
lower 6-month post-discharge mortality than children without severe malaria (HR = 0.33, 0.21-0.53, P < 0.001). The
odds of dying by 6 months after discharge tended to be higher than during the in-hospital period for all children, except
for those admitted with severe malaria. The first 6 months after discharge is a high-risk period for mortality among chil-
dren admitted with severe anemia and SAM in western Kenya. Strategies to address this risk period are urgently needed.

RESEARCH IN CONTEXT

Evidence before this study. Severe anemia is a major
cause of morbidity and mortality in malaria-endemic areas in
sub-Saharan Africa. It contributes substantially to in-hospital
mortality. However, limited evidence suggests that post-
discharge mortality in children hospitalized for severe ane-
mia and other health conditions may be similar to or higher
than in-hospital mortality. The magnitude and risk factors
for post-discharge mortality among this group of children
have not been clearly established in Kenya. We searched
PubMed, without language restriction, from inception to
November 30, 2022. None of the studies compared the risks
of post-discharge mortality by health conditions.

Added value of this study. This retrospective cohort study
adds to the limited body of evidence on the magnitude and
risk factors for post-discharge mortality in malaria-endemic
sub-Saharan Africa. Our study utilizes data that were sys-
tematically collected over a period of 5years in a health and
demographic surveillance system in a high-disease burden
area. We show that children admitted with severe anemia
or severe acute malnutrition (SAM) are at increased risk of
death in the initial 6 months after discharge compared with
children with other health conditions.

Implications of all the available evidence. These data
emphasize the importance of adequate follow-up and man-
agement of children with SAM after discharge. They also
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support the importance of the newly issued post-discharge
malaria chemoprevention (PDMC) guidelines published in
June 2022 by the WHO, which specifically target children
with severe anemia in malaria-endemic areas.

INTRODUCTION

All-cause severe anemia is a major public health problem
in malaria-endemic areas in sub-Saharan Africa with a com-
plex and multifactorial etiology.

Rates of in-hospital mortality due to severe anemia range
from 4% to 12% in different epidemiological settings.>™
However, several studies have shown that the first few
months after discharge are also a high-risk period for further
mortality, which can be as high as or higher than in-hospital
mortality,>™ particularly in malaria-endemic areas, possibly
reflecting the effects of new or recrudescent malaria
infections.”8

The high risk of post-discharge mortality has received little
attention relative to the burden, diagnosis, and care of children
during their in-hospital stay.® An improved understanding of
the main risk groups of post-discharge mortality is needed to
help policymakers develop risk-guided management strategies
to reduce pediatric mortality. This retrospective cohort study
aimed to compare the magnitude of post-discharge mortality
among young children admitted with severe anemia or other
health conditions in a high-malaria transmission setting in
western Kenya.

MATERIALS AND METHODS

Data sources and study setting. We used data from the
health and demographic surveillance system (HDSS) run by
the Kenya Medical Research Institute (KEMRI) and U.S. CDC
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in Siaya County, western Kenya, including both household
and pediatric in-hospital surveillance in Siaya County Refer-
ral Hospital (formerly Siaya District Hospital). Details about
the KEMRI/CDC HDSS and data collected have been previ-
ously described.’® The household surveillance provided
population-based demographic information collected by
trained field workers through rounds of home visitations
every 4 months. The in-hospital surveillance provided data
on all pediatric admissions up to 12years of age. The
in-hospital and household data were linked using the HDSS
unique personal identification numbers and fingerprinting™®
to monitor deaths after hospital discharge.

This retrospective cohort analysis included all children
aged < 5years admitted to the pediatric department from
2008 to 2013 residing within the HDSS study area.’® Admis-
sions due to surgery, trauma/injury, malignancy, or sickle
cell anemia were excluded.

Each hospital record was examined and categorized by
health condition based on the diagnosis on discharge or
in-hospital death. If these records were missing, the admis-
sion diagnosis was used. Children were categorized into the
following four primary health conditions: all-cause severe
anemia (hemoglobin (Hb) < 5.0g/dL or requiring a blood
transfusion), severe malaria (microscopy- or rapid diagnostic
test-confirmed malaria infection and receipt of parenteral
treatment with artesunate or quinine), severe pneumonia,
and severe acute malnutrition (SAM). The diagnoses for
severe pneumonia and SAM were based on the Kenya
Ministry of Health guidelines for clinical management during
the study period." Children who did not have these four
diagnoses were pooled under “other conditions.”

The primary outcome was all-cause death within 6 months
after discharge. Secondary outcomes included in-hospital
mortality. The follow-up time for the in-hospital mortality
analysis was defined as the number of days between the
date of admission and either the date of in-hospital death or
the date of discharge (censoring date) +1. For analysis of
post-discharge mortality, this was defined as the number of
days between the date after the date of discharge and either
the date of death or the date of censoring. Children were
censored if they left the study area because of out-migration
or reached 5years of age or if the post-discharge surveil-
lance ended before the event had occurred.

Categorical variables were described as proportions (percen-
tages), and continuous variables were described as mean and
corresponding SDs or as median with corresponding interquar-
tile ranges (IQRs). Univariate and multivariable Cox regression
analyses were used to analyze time-to-event outcomes with
hazard ratios (HRs), and 95% CIl were reported for compari-
sons between groups. Risk factors associated with mortality
in the univariate analysis (P < 0.2) were included in the multi-
variable models as covariates. Predictor variables explored
included sex, age at admission, bed net use, antibiotic use,
blood transfusion, mother’s educational status, mother’'s HIV
status, socioeconomic status (SES), Hb levels on admission,
discharge season, and distance from the hospital. There
were insufficient data for the child’s HIV status (available for
5.5% only) to allow its inclusion in any analyses. Two-sided
P values < 0.05 were regarded as statistically significant.

The Mantel-Haenszel odds ratio (MHOR) for paired binary
outcomes was used to compare in-hospital and post-
discharge mortality rates (MRs).'? Forest plots were used for

the graphical presentation of HRs and Kaplan-Meier plots
for visualization of the time-to-event outcomes. Data were
analyzed using STATA version 14 (College Station, TX).

The household and hospital surveillance of the HDSS was
approved by the ethical review boards of the KEMRI (SSC
#647) and CDC (IRB #3308). Informed written consent was
obtained from compound heads for the participation of their
families in all aspects of the HDSS.°

RESULTS

Characteristics of the study groups. Between January
1, 2008 and December 31, 2013, 69,492 children living in
the combined HDSS and hospital catchment areas met
the inclusion criteria. During this period, there were 3,639
hospital admissions involving 4,472 different diagnoses,
including severe anemia (N = 651), severe malaria (N =
1,033), severe pneumonia (N = 996), SAM (N = 271), and
other conditions (N = 1,521). The median (IQR) for post-
discharge follow-up time was 23.6 (10.3-36.0) months, and
the mean (SD) age on admission was 17.8 (13.7) months.
Over half (63.3%) of children were reported to have
slept under a bed net the night before admission. The
baseline characteristics differed between primary health con-
ditions, including the median age at admission and the
median duration of follow-up (Table 1). Overall, 136/2,730
(5.0%), 307/2,608 (11.8%), and 595/2,652 (22.4%) of
children were lost to follow-up by 3, 6, and 12 months after
discharge, respectively (Table 2). To minimize biases related
to censoring of participants with missing data due to loss to
follow-up,'™ the maximum duration of follow-up was trun-
cated at 12 months for analysis.

In-hospital mortality. The median (IQR) length of in-hospital
stay was 3 (2-5) days. The overall in-hospital crude MR was
2.8% (101 of 3,639 admissions). Children admitted with SAM
had the highest in-hospital mortality (MR = 9.2%) and the lon-
gest median (IQR) in-hospital stay (7 [4-10] days). Children
with severe anemia had the second highest in-hospital mortal-
ity (MR = 5.9%), with a median (IQR) in-hospital stay of 4 (2-5)
days. The corresponding in-hospital MRs for severe pneumo-
nia, other conditions, and severe malaria were 2.7%, 1.8%,
and 1.0%, respectively (Table 2). In-hospital mortality was
significantly higher in children admitted with severe anemia
compared with those admitted for other reasons (i.e., all other
children admitted without severe anemia but with severe
pneumonia, severe malaria, SAM, or other conditions) (HR =
2.64, 1.58-4.41, P < 0.001). In-hospital mortality was also
higher among children admitted with SAM compared with
children without SAM (HR = 1.84, 1.11-3.05, P = 0.018) but
was similar among children with and without severe pneumo-
nia (HR = 0.86, 0.52-1.44, P = 0.575) or with and without
“other syndromes” (HR = 0.69, 0.37-1.30, P = 0.253). By
contrast, in-hospital mortality was lower among children with
severe malaria versus those without (HR = 0.38, 0.22-0.67,
P = 0.001) (Table 2).

Post-discharge mortality. Cumulative post-discharge mor-
tality among the 3,538 children discharged alive was 4.9%,
6.2%, and 9.3% by 3, 6, and 12months after discharge,
respectively (Table 2). By 6 months, all-cause post-discharge
mortality was highest in the SAM group (MR = 21.6%), fol-
lowed by severe anemia (MR = 15.5%), severe pneumonia
and other conditions (MR = 5.6%), and then severe malaria
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SM 615 542 481 436 394 373 346
SM 1016 928 857 784 714 676 629
PN 967 873 807 735 683 639 599
SAM 248 196 174 154 143 136 129
Other 1493 1345 1248 1159 1088 1022 946
SA SM
PN SAM
Other

Ficure 1.

Survival curves showing time to post-discharge death. PN = severe pneumonia; SA = severe anemia; SAM = severe acute malnutri-

tion; SM = severe malaria. “Other” denotes the undefined conditions excluding SA, SM, PN, or SAM.

(MR = 0.7%) (Table 2). Post-discharge mortality by 6 months
was significantly higher in children with SAM versus without
SAM (HR = 3.95, 2.60-6.00, P < 0.001). Similarly, severe
anemia was associated with higher mortality compared with
children admitted for other reasons (HR = 2.55, 1.74-3.71,
P < 0.001). By contrast, 6-month post-discharge mortality
was similar among children with and without severe pneumo-
nia (HR = 0.94, 0.63-1.41, P = 0.782) and with and without
other conditions (HR = 0.99, 0.61-1.59, P = 0.955) and was
lower in children admitted with severe malaria versus those
without severe malaria (HR = 0.33, 0.21-0.53, P < 0.001)
(Table 2).

The Kaplan-Meier plot (Figure 1) illustrates that among the
post-discharge deaths by 12 months (N = 211/2,268; 9.3%),
the median (IQR) time to death was 1.7 (0.5-5.4) months
overall (i.e., 50% of deaths by 12 months occurred within the
first 1.7 months), with 63.0% (133/211) and 75.4% (159/211)
of these deaths by 12 months occurring within the first 3 and
6 months, respectively. The median time to death was short-
est and the proportion of the deaths that had occurred
by 3months was highest for children with SAM (0.7 month;
N = 20/23 [87.0%)]) followed by other conditions (1.3 months;
N = 62/92 [67.4%]), severe anemia (2.1 months; N = 25/40
[62.5%]), severe pneumonia (2.6 months; N = 26/45 [57.8%)),
and severe malaria (4.7 months; N = 0/11 [0-0%)]) (Table 2).

Overlapping conditions. The co-presence of SAM was
associated with significantly higher 6-month post-discharge
mortality in children with severe anemia compared with
severely anemic children who did not have SAM (MR =
25.1% versus MR = 10.0%, crude HR = 2.49, 1.18-5.26,
P = 0.017) (Figure 2, Supplemental Figure 1, and Supplemental
Table 1). The coexistence of SAM also increased 6-month post-
discharge mortality in children with severe pneumonia (MR =
14.8% versus MR = 5.0%, crude HR = 2.91, 1.41-6.01, P =
0.004) or with severe malaria (MR = 12.2% versus 2.3%,

crude HR = 5.29, 2.11-13.24, P < 0.001). The coexistence
of severe anemia did not significantly increase 6-month mor-
tality in SAM children (MR = 25.1% versus 21.2%, crude
HR = 1.22, 0.56-2.64, P = 0.613) or children with severe
pneumonia (MR = 7.5% versus 5.4%, crude HR = 1.37,
0.66-2.83, = 0.393), but it increased it in those with severe
malaria (MR = 6.6% versus 1.4%, crude HR = 4.67, 2.07-
10.58, P < 0.001) compared with children with other severe
malarial conditions; that is, severe malarial anemia was asso-
ciated with higher post-discharge mortality than severe
malaria without severe anemia. By contrast, the coexistence
of severe malaria was associated with lower 6-month post-
discharge mortality in children with severe anemia (MR =
6.6% versus 14.8%, crude HR = 0.45, 0.25-0.80, P = 0.007);
that is, children with severe malarial anemia had a lower risk
of dying after discharge than children with severe non-
malarial anemia. Severe pneumonia did not influence mortal-
ity in children with severe anemia, SAM, or severe malaria
(Figure 2).

In-hospital versus post-discharge mortality. Overall,
the odds of dying within the first 6 months after discharge
were higher than during the in-hospital period for children
admitted with severe anemia (MHOR = 2.20, 1.19-4.04,
P = 0.011) and those admitted with other conditions (MHOR =
2.67, 1.71-4.15, P < 0.001). They were also higher for children
with SAM (MHOR = 1.83, 0.91-3.70, P = 0.091) and severe
pneumonia (MHOR = 1.81, 0.98-3.34, P = 0.056), but this dif-
ference was not statistically significant. There was no evidence
of a difference in in-hospital and 6-month post-discharge mor-
tality for children admitted with severe malaria (MHOR = 0.60,
0.14-2.51, P = 0.484) (Supplemental Figure 2).

Other risk factors for post-discharge mortality. In the
univariate model, post-discharge mortality by 6 months chan-
ged with age (Table 3, Supplemental Figure 3) from MR =
9.5% in infants aged < 6 months to MR = 7.0% in the 6- to
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Main
condition

Severe anaemia

vs all other

with malnutrition vs without malnutrition

with pneumonia vs without pneumonia

with severe malaria vs without severe malaria

Severe acute malnutrition

vs all other

with severe anaemia vs without severe anaemia
with pneumonia vs without pneumonia

with severe malaria vs without severe malaria

Pneumonia

all other

with severe anaemia vs without severe anaemia
with malnutrition vs without malnutrition

with severe malaria vs without severe malaria

Severe malaria

vs all other

with severe anaemia vs without severe anaemia
with malnutrition vs without malnutrition

with pneumonia vs without pneumonia

Main
condition only,

Main condition with
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co-condition, MR (95% ClI) MR (95% Cl)

Crude HR (95% Cl) crude_p

2.02 (1.48, 2.76)
2.49(1.18, 5.26)
063 (0.31, 1.29)
0.45 (0.25, 0.80)

3.97 (2.81, 5.61)
1.22 (0.56, 2.64)
062 (0.29, 1.29)
050 (0.21, 1.19)

0.88 (0.64, 1.23)
1.37 (0.66, 2.83)

0.37 (0.24, 0.56)

2.91 (141, 6.01)
0.43 (0.19, 0.95)

4.67 (2.07, 10.58)
5.29 (2.1, 13.24)
1.05 (0.44, 2.52)

Adjusted

HR (95% Cl)
<0.001 1.76 (1.09-2.83)
0.017 6.51(2.26-18.71)

(
(

0205  0.57(0.21-1.56)
(

0007  0.65(0.28-1.55)
<0.001  5.33 (3.14-9.02)
0613  223(0.13-6.38)
0198  0.37 (0.13-1.03)
0,118 0.9 (0.32-251)
0463  0.75(0.46-1.23)
0393  1.3(048-35)
0004 2.9 (1.04-8.09)
0038  0.43(0.15-1.29)
<0.001  0.51(0.29-0.93)

<0.001 8.37 (2.81-24.92)

(
<0.001  3.67 (1.3-10.32)
(
0907  0.61(0.19-1.94)

Adjusted
p-value

0.020
0.001

0.406

10.9 (8.4-14.2) 5.3 (4.5-6.3) _

25.1 (12.6-50.2) 10 (7.5-13.3)

7.5(3.9-14.5) 12 (9-15.9) —_—

6.6 (4.1-10.8) 14.8 (10.9-20.2) ——

21.8 (16.1-29.6) 5.2 (4.56.1)

25.1 (12.6-50.2) 212 (15-29.7) —_

14.8 (7.7-28.4) 252 (17.8-35.6) ———

12.2 (5.5-27.1) 25.2 (18.1-35.1) ——

5.7 (4.3-7.6) 6.5 (5.5-7.6) —

7.5(3.9-14.5) 5.4 (4-7.4) —

14.8 (7.7-28.4) 5.0 (3.7-6.9)

2.9 (1.4-6.1) 6.8 (5-9.3) —_

2.8 (1.9-4.2) 776689  —

6.6 (4.1-10.8) 14(0.72.7)

12.2 (5.5-27.1) 2.3(1.5-3.5)

2.9 (1.4-6.1) 2.8 (1.8-4.4) _
T

1 1

Lower than all other syndromes  Higher than all other syndromes

Ficure 2. Six-month post-discharge mortality by main health condition relative to overlapping health conditions. There were no deaths for over-
lapping conditions between “other conditions” and severe anemia or severe malaria. Adjusted estimates were obtained from multivariable models
that included the following covariates: age at admission, Hb levels on admission, bed net use, socioeconomic status, distance to hospital, maternal
educational level, and mother’s HIV status. Hb = hemoglobin; HR = hazard ratio; MR = mortality rate; other conditions not included.

< 18-month-old group (HR = 0.72, 0.51-1.02, P = 0.065) and
MR = 4.1% in the 36- to < 60-month-old group (HR = 0.36,
0.20-0.66, P = 0.001). Children exposed to HIV were twice as
likely to die by 6 months compared with HIV-unexposed chil-

dren HR =

256, 1.61-4.07, P < 0.001).

Post-discharge

mortality decreased with increasing SES from MR = 10.1% in
the poorest terciles to MR = 5.4% in the highest tercile (HR =

0.52, 0.36-0.77, P =

0.001). Higher maternal education was

also associated with lower post-discharge mortality (secondary
level education [MR = 5.3%] versus lower primary education

TaBLE 3
Risk factors for 6-month post-discharge mortality

Exposure conditions Univariate, n/N (%) Univariate HR (95% Cl) P Multivariate, n/N (%) Multivariate HR (95% ClI) P
Age at admission (months)
<6 51/180 (28.3) 1.00 - 51/180 (28.3) 1.00 -
6to <18 84/180 (46.7) 0.72 (0.51-1.02) 0.065 84/180 (46.7) 0.62 (0.35-1.11) 0.108
18 to < 36 32/180 (17.8) 0.41 (0.27-0.64) < 0.001 32/180 (17.8) 0.37 (0.19-0.73) 0.004
36 to < 61 13/180 (7.2) 0.36 (0.20-0.66) 0.001 13/180 (7.2) 0.43 (0.17-1.08) 0.074
Admission Hb (< 4.0g/dL) 161/180 (89.4) 1.00 - 161/180 (89.4) - -
Admission Hb (= 4.0g/dL) 19/180 (10.6) 0.45 (0.28-0.73) 0.001 19/180 (10.6) 1.41 (0.54-3.71) 0.487
Slept under bed net (no) 89/180 (49.4) 1.00 - 89/180 (49.4) 1.00 -
Slept under bed net (yes) 91/180 (50.6) 0.68 (0.51-0.91) 0.010 91/180 (50.6) 0.73 (0.45-1.18) 0.201
Sex (male) 80/180 (44.4) 1.00 - - - -
Sex (female) 100/180 (55.6) 1.11 (0.83-1.50) 0.468 - - -
Discharge season (no malaria) 95/180 (52.8) 1.00 - - -
Discharge season (malaria) 85/180 (47.2) 0.96 (0.72-1.29) 0.785 - - -
Blood transfusion (no) 34/84 (40.5) 1.00 - - - -
Blood transfusion (yes) 50/84 (59.5) 1.64 (0.21-12.79) 0.636 - - -
Antibiotics prescribed (no) 58/180 (32.2) 1.00 - - - -
Antibiotics prescribed (yes) 122/180 (67.8) 0.92 (0.67-1.26) 0.609 - - -
Socioeconomic status
First tercile-poorest 77/176 (43.8) 1.00 - 77/176 (43.8) 1.00 -
Second tercile 58/176 (33) 0.76 (0.54-1.07) 0.112 58/176 (33) 1.20 (0.72-2.01) 0.480
Third tercile 41/176 (23.3) 0.52 (0.36-0.77) 0.001 41/176 (23.3) 0.69 (0.39-1.25) 0.221
Distance from hospital
First tercile-nearest 33/180 (18.3) 1.00 - 33/180 (18.3) 1.00 -
Second tercile 64/180 (35.6) 1.97 (1.30-3.00) 0.002 64/180 (35.6) 1.60 (0.84-3.03) 0.150
Third tercile 83/180 (46.1) 2.54 (1.70-3.80) < 0.001 83/180 (46.1) 1.98 (1.05-3.75) 0.040
Mother’s educational level
Lower primary 10/178 (5.6) 1.00 10/178 (5.6) 1.00 -
Upper primary 110/178 (61.8) 0.66 (0.34-1.25) 0.201 110/178 (61.8) 0.47 (0.21-1.06) 0.069
Secondary 50/178 (28.1) 0.48 (0.24-0.95) 0.036 50/178 (28.1) 0.40 (0.17-0.99) 0.046
Tertiary 8/178 (4.5) 0.62 (0.24-1.59) 0.320 8/178 (4.5) 0.64 (0.14-2.89) 0.565
Mother’s HIV status (negative) 25/86 (29.1) 1.00 - 25/86 (29.1) 1.00 -
Mother’s HIV status (positive) 61/86 (70.9) 2.56 (1.61-4.07) < 0.001 61/86 (70.9) 2.12 (1.26-3.57) 0.005

Hb = hemoglobin; HR = hazard ratio. The multivariable model adjusts for all the other variables mentioned in the table except for discharge season, blood transfusion, and antibiotics.
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[MR = 9.9%] [HR = 0.48, 0.24-0.95, P = 0.036]). Children in
the tercile that lived farthest (third tercile) from the admitting
hospital had a more than 2-fold higher post-discharge mortality
compared with those in the first tercile (HR = 2.54, 1.70-3.80,
P < 0.001). Bed net use was associated with lower 6-month
post-discharge mortality (HR = 0.68, 0.51-0.91, P = 0.010).
Treatment with antibiotics during in-patient care was not asso-
ciated with post-discharge mortality (HR = 0.92, 0.67-1.26,
P = 0.609). Among children with severe anemia, lack of receipt
of blood transfusion was not associated with statistically signif-
icantly increased post-discharge mortality (HR = 1.64, 0.21-
12.79, P = 0.636). However, a higher Hb level (= 4.0g/dL) on
admission (before receipt of any blood transfusion) was asso-
ciated with a 55% lower risk of 6-month post-discharge
mortality (HR = 0.45, 0.28-0.73, P = 0.001). Sex and dis-
charge during malaria season were not associated with post-
discharge mortality.

DISCUSSION

In this high-malaria transmission and disease burden area
in rural western Kenya, children admitted with severe anemia
and SAM were 2.6 and 1.8 times more likely to die in-hospital
and 2.6 and 4 times more likely to die within the first 6 months
after discharge than children admitted for other reasons.
Overall, about one in five children (20.7 %) with severe anemia
and one in four children (24.7%) with SAM died in the year
after discharge, which was much higher than the 5.9% and
9.2% during the in-hospital period; 62% and 87% of these
post-discharge deaths occurred in the first 3 months, stres-
sing the importance of the urgent need for post-discharge
strategies to address this risk period.

Our findings are consistent with previous observational stud-
ies in similar study areas in Kenya,7 Malawi,® and Uganda,5
which reported comparable high rates of post-discharge mor-
tality among children admitted with all-cause severe anemia.
Of note is that these rates are considerably higher than those
previously reported in the placebo arms of three PDMC trials
in children with severe anemia in Malawi'*'® and Kenya.'® It is
likely that the children in these trials benefitted from access to
better in-hospital care and closer follow-up than in routine set-
tings. Overall, factors associated with post-discharge mortality
were also comparable with earlier reports from similar epidemi-
ological settings, including young age, HIV exposure, low SES
or maternal education, distance from the hospital, and Hb
levels on admission.®'” Unfortunately, HIV status was not
available for 94.5% of these children.

The time to post-discharge death differed between conditions
(Table 2). In children with SAM, 87% of total deaths by
12months occurred within the first 3 months after discharge.
This was approximately 62% for children with severe anemia
and 57% for children with severe pneumonia. By contrast, for
children with severe malaria, the time to death was more spread
over the year with a median survival time of 4.7 months. The first
few months after discharge have been recognized as a period
of high vulnerability to mortality and morbidity in children with
SAM and severe anemia, possibly because of physiological
stress and impairment of the immune system.’”2° In malaria-
endemic areas, Plasmodium falciparum infection has been
shown to lead to endothelial inflammation, which may persist
for more than a month even after the parasites have been
cleared.2! This is likely to predispose to or worsen untreated

bacterial infections,? including invasive non-typhoidal Salmo-
nella (iINTS) infections, which have been shown to have a posi-
tive correlation with P. falciparum infection in malaria-endemic
areas in sub-Saharan Africa.?® Children with coexisting INTS
and falciparum malaria infections have a high in-hospital MR?*
that is even worse in children with severe malarial anemia®® and
likely contributes to high mortality in the immediate post-
discharge period.

The high risk of post-discharge mortality in children with
SAM and severe anemia was also evident in our analysis of the
impact of the coexistence of multiple conditions. Overall, we
found that children with severe pneumonia and severe malaria
had the worst outcomes if they also had SAM or severe ane-
mia. For example, 6-month post-discharge mortality was
about 5-fold higher in children with severe malaria if they also
had SAM or severe anemia. Similarly, children with severe
pneumonia had a 3-fold higher mortality if they also had SAM.

Owing to insufficient data, we could not explore the
causes of post-discharge death. These are likely multifacto-
rial in this setting, including HIV infection, other acute and
chronic infections (e.g., tuberculosis), and malnutrition or
micronutrient deficiencies. However, previous studies in sim-
ilar epidemiological settings among children admitted with
severe anemia have reported malaria as the main reason for
morbidity and mortality in the post-discharge period. In
Uganda,® 89% of rehospitalizations and 59% of clinic visits
were due to malaria, and in previous studies in this same
study area in western Kenya, 30% of post-discharge deaths
were due to malaria.” In a similar setting in Kenya, 50% of
participants were parasitemic 1 month after discharge.® Full
recovery from malaria-associated anemia can take up to
6 weeks, possibly because of continued dyserythropoiesis
and bone marrow suppression and new infections or recru-
descence due to poor parasite clearance.?® Further studies
are needed to elucidate the non-malarial causes of severe
anemia and post-discharge readmissions and death.

Another noticeable finding was the relatively low risk of post-
discharge mortality in children with severe malaria without SAM
or severe anemia. Severe malaria is an acute condition in which
proper diagnosis and treatment result in a better prognosis
than if children are admitted with other causes of severe ane-
mia in this setting. The etiology of non-malarial severe anemia
is complex, multifactorial, and more difficult to diagnose and
thus treat appropriately because of limited human and struc-
tural capacity in the healthcare system.2” In many lower-level
health facilities in malaria-endemic areas, malaria and anemia
are diagnosed clinically following the Integrated Management
of Childhood llinesses guidelines.?® Parenteral antimalaria treat-
ment and blood transfusion may be administered presump-
tively, mostly without further investigation for other possible
underlying conditions. Therefore, inadequate care during the
in-hospital stay due to challenges in diagnosis and treatment
may result in disease progression and poor post-discharge
prognosis among children with non-malarial severe anemia.
Another possible reason reported in other studies is the mis-
classification of uncomplicated malaria as severe malaria,
therefore underestimating the severe malaria—specific MRs; it
has been shown that about a third of admissions for “severe
malaria” do not fulfil WHO’s criteria for severe malaria in
malaria-endemic sub-Saharan Africa.?®

Almost all post-discharge deaths in this study (> 95%)
occurred in the community before children were referred or
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could reach the hospital. These findings are consistent with
a recent study in an HDSS area in Mozambique, where
> 80% of post-discharge deaths in children were reported
to have occurred outside the hospital,’” and in another
study among children admitted with infectious conditions in
Uganda, where 67% of post-discharge deaths occurred in
the community.3>32 We found lower maternal education
to be associated with increased post-discharge mortality.
Thus, an intervention that includes maternal/caretaker edu-
cation at discharge on how to identify the danger signs
and seek prompt care may help reduce the burden. This
is further supported by the above-mentioned finding that
post-discharge MRs in the placebo arm of the PDMC trial
conducted in this area'® were much lower than in this obser-
vational study, similar to the differences in MRs between
trials and observational cohort studies in Malawi.® 4

A major limitation of this study was the lack of data on the
HIV status of participants. At the time of the study, testing for
HIV among the pediatric population in Kenyan public hospitals
was not offered routinely. Although information on maternal HIV
status was available for many (71.4%), data on the actual HIV
status of the child were available in only 5.5%. The study area
is known to have a high prevalence of HIV infection, and pediat-
ric HIV infection is a major risk factor for severe anemia.®® Stud-
ies in areas with high HIV and malaria co-infection rates in
Uganda and Kenya have reported up to 5-fold higher 6-month
post-discharge MRs in children with severe malarial anemia
associated with HIV infection.®* Another major limitation is the
lack of additional information about other comorbidities associ-
ated with the primary diagnosis of severe anemia. The etiology
of severe anemia in this setting is complex and multifactorial,
including nutritional deficiencies; hookworm infestations; acute
and chronic infections such as malaria, bacteremia, tuberculo-
sis, and HIV infection; and genetic disorders such as sickle cell
anemia." There was also limited information on diarrhea and
sepsis, which cause substantial morbidity in sub-Saharan
Africa.® The latter reflects the limited diagnostic capacity in
Kenyan public hospitals. Many children with sepsis may have
ended up in the other conditions group in our analysis. Further-
more, the diagnoses were based on the prevailing national
guidelines from the Kenya Ministry of Health, which may differ
slightly from international definitions from the WHO. This may
have resulted in the potential misclassification of some children
and may affect the generalizability of the findings. Lastly, child-
hood vaccination status, a potential confounder of the risk of
post-discharge mortality, was not available.

The results of this study add to the limited evidence from
other studies in malaria-endemic areas and confirm that
children under 5years of age admitted with SAM and severe
anemia are at a high risk of post-discharge mortality in the
first few months after discharge. Guidelines exist for the man-
agement of children with SAM after discharge. Similar guide-
lines for the post-discharge management and follow-up of
children with severe anemia were recently published by the
WHO for malaria-endemic areas and now need to be imple-
mented. Furthermore, studies of predictors and the etiology of
post-discharge mortality are urgently needed to develop tar-
geted management guidelines for post-discharge care.

Received March 27, 2023. Accepted for publication May 26, 2023.
Published online August 7, 2023.

Note: Supplemental table and figures appear at www.ajtmh.org.

Acknowledgments: We thank David Obor and Godfrey Bigogo for
providing the data dictionary, data collection tools, etc., and for
assistance with understanding of the HDSS platform.

Financial support: The Health and Demographic Surveillance System
was funded by the U.S. CDC. The findings and conclusions in this
report are those of the authors and do not necessarily represent the
official position of the CDC.

The dataset will be shared by the corresponding authors upon rea-
sonable request, subject to approval by the KEMRI’s Scientific and
Ethics Review Unit.

Authors’ addresses: Titus K. Kwambai, Centre for Global Health
Research, Kenya Medical Research Institute, Kisumu, Kenya,
Department of Clinical Sciences, Liverpool School of Tropical Medi-
cine, Liverpool, United Kingdom, Division of Parasitic Diseases and
Malaria, Center for Global Health, Centers for Disease Control and
Prevention, Kisumu, Kenya, and Division of Parasitic Diseases
and Malaria, Center for Global Health, Centers for Disease Control
and Prevention, Atlanta, GA. E-mail: gbb5@cdc.gov. Simon Kariuki,
Eric Onyango, Martina Oneko, and Sammy Khagayi, Centre for
Global Health, Centers for Disease Control and Prevention, Kisumu,
Kenya, E-mails: skariuki1578@gmail.com, ercdonald@gmail.com,
tinaoneko@gmail.com, and skhagayi@gmail.com. Menno R. Smit,
Centre for Global Health Research, Kenya Medical Research
Institute, Kisumu, Kenya, Department of Clinical Sciences, Liverpool
School of Tropical Medicine, Liverpool, United Kingdom, and
Amsterdam Centre for Global Child Health, Emma Children’s
Hospital, Amsterdam University Medical Centres, Amsterdam, The
Netherlands, E-mail: menno.smit@Istmed.ac.uk. Sarah Nevitt,
Department of Health Data Science, University of Liverpool, Liverpool,
United Kingdom, E-mail: sarah.nevitt@liverpool.ac.uk. Aaron M.
Samuels, Division of Parasitic Diseases and Malaria, Center for Global
Health, Centers for Disease Control and Prevention, Kisumu, Kenya,
and Division of Parasitic Diseases and Malaria, Center for Global
Health, Centers for Disease Control and Prevention, Atlanta, GA,
E-mail: iyp2@cdc.gov. Mary J. Hamel, Kayla Laserson, and Meghna
Desai, Division of Parasitic Diseases and Malaria, Center for Global
Health, Centers for Disease Control and Prevention, Atlanta, GA,
E-mails: hamelm@who.int, kayla.laserson@gatesfoundation.org, and
mud8@cdc.gov. Feiko O. ter Kuile, Centre for Global Health Research,
Kenya Medical Research Institute, Kisumu, Kenya, and Department of
Clinical Sciences, Liverpool School of Tropical Medicine, Liverpool,
United Kingdom, E-mail: feiko.terkuile@Istmed.ac.uk.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits
unrestricted use, distribution, and reproduction in any medium, pro-
vided the original author and source are credited.

REFERENCES

1. van Hensbroek MB, Jonker F, Bates |, 2011. Severe acquired
anemia in Africa: new concepts. Br J Haematol 154: 690-695.

2. Marsh K et al., 1995. Indicators of life-threatening malaria in
African children. N Engl J Med 332: 1399-1404.

3. Bojang K, Van Hensbroek MB, Palmer A, Banya W, Jaffar S,
Greenwood B, 1997. Predictors of mortality in Gambian children
with severe malaria anemia. Ann Trop Paediatr 17: 355-359.

4. Obonyo CO, Vulule J, Akhwale WS, Grobbee DE, 2007.
In-hospital morbidity and mortality due to severe malarial anemia
in western Kenya. Am J Trop Med Hyg 77 (Suppl 6): 23-28.

5. Opoka RO, Hamre KES, Brand N, Bangirana P, Idro R, John
CC, 2017. High postdischarge morbidity in Ugandan children
with severe malarial anemia or cerebral malaria. J Pediatric
Infect Dis Soc 6: e41-e48.

6. Phiri KS, Calis JCJ, Faragher B, Nkhoma E, Ng’oma K, Mangochi
B, Molyneux ME, van Hensbroek MB, 2008. Long term outcome
of severe anemia in Malawian children. PLoS One 3: €2903.

7. Zucker JR, Lackritz EM, Ruebush TK, Hightower AW, Adungosi
JE, Were JB, Metchock B, Patrick E, Campbell CC, 1996.
Childhood mortality during and after hospitalization in western
Kenya: effect of malaria treatment regimens. Am J Trop Med
Hyg 55: 655-660.


http://www.ajtmh.org
mailto:qbb5@cdc.gov
mailto:skariuki1578@gmail.com
mailto:ercdonald@gmail.com
mailto:tinaoneko@gmail.com
mailto:skhagayi@gmail.com
mailto:menno.smit@lstmed.ac.uk
mailto:sarah.nevitt@liverpool.ac.uk
mailto:iyp2@cdc.gov
mailto:hamelm@who.int
mailto:kayla.laserson@gatesfoundation.org
mailto:mud8@cdc.gov
mailto:feiko.terkuile@lstmed.ac.uk
https://creativecommons.org/licenses/by/4.0/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

CHILDHOOD POST-DISCHARGE MORTALITY RISK 9

. Akech SO, Hassall O, Pamba A, Idro R, Wiliams TN, Newton

CRJC, Maitland K, 2008. Survival and haematological recov-
ery of children with severe malaria transfused in accordance
to WHO guidelines in Kilifi, Kenya. Malar J 7: 256.

. Nemetchek B, English L, Kissoon N, Ansermino JM, Moschovis

PP, Kabakyenga J, Fowler-Kerry S, Kumbakumba E, Wiens
MO, 2018. Paediatric postdischarge mortality in developing
countries: a systematic review. BMJ Open 8: e023445.

Odhiambo FO et al., 2012. Profile: the KEMRI/CDC health and
demographic surveillance system — Western Kenya. Int J Epi-
demiol 41: 977-987.

Kenya Ministry of Medical Services and Ministry of Public Health
and Sanitation, 2009. Clinical Management and Referral
Guidelines-Volume ll: Clinical Guidelines for Management
and Referral of Common Conditions at Levels 4-6: Hospitals.
Available at: http://apps.who.int/medicinedocs/en/m/abstract/
Js21000en/. Accessed March 14, 2020.

Elbourne DR, Altman DG, Higgins JP, Curtin F, Worthington HV,
Vail A, 2002. Meta-analyses involving cross-over trials: meth-
odological issues. Int J Epidemiol 31: 140-149.

Goldkuhle M et al., 2020. GRADE guidelines: 29. Rating the cer-
tainty in time-to-event outcomes-study limitations due to cen-
soring of participants with missing data in intervention studies.
J Clin Epidemiol 129: 126-137.

Phiri K, Esan M, van Hensbroek MB, Khairallah C, Faragher B,
ter Kuile FO, 2012. Intermittent preventive therapy for malaria
with monthly artemether-lumefantrine for the post-discharge
management of severe anemia in children aged 4-59 months
in southern Malawi: a multicentre, randomised, placebo-
controlled trial. Lancet Infect Dis 12: 191-200.

Nkosi-Gondwe T, Robberstad B, Mukaka M, Idro R, Opoka RO,
Banda S, Kuhl MJ, F OTK, Blomberg B, Phiri KS, 2021. Adher-
ence to community versus facility-based delivery of monthly
malaria chemoprevention with dihydroartemisinin-piperaquine for
the post-discharge management of severe anemia in Malawian
children: A cluster randomized trial. PLoS One 16: e0255769.

Kwambai TK et al., 2020. Malaria chemoprevention in the post-
discharge management of severe anemia. N Engl J Med 383:
2242-2254.

Madrid L et al., 2019. Postdischarge mortality prediction in sub-
Saharan Africa. Pediatrics 143: €20180606.

RTS,S Clinical Trials Partnership, 2015. Efficacy and safety of
RTS,S/AS01 malaria vaccine with or without a booster dose in
infants and children in Africa: final results of a phase 3, individ-
ually randomised, controlled trial. Lancet 386: 31-45.

Krumholz HM, 2013. Post-hospital syndrome — an acquired,
transient condition of generalized risk. N Engl J Med 368:
100-102.

Okell LC et al., 2023. Projected health impact of post-discharge
malaria chemoprevention among children with severe malarial
anemia in Africa. Nat Commun 14: 402.

Moxon CA et al., 2013. Loss of endothelial protein C receptors
links coagulation and inflammation to parasite sequestration in
cerebral malaria in African children. Blood 122: 842-851.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Were T, Davenport GC, Hittner JB, Ouma C, Vulule JM,
Ong’echa JM, Perkins DJ, 2011. Bacteremia in Kenyan chil-
dren presenting with malaria. J Clin Microbiol 49: 671-676.

Park SE et al., 2016. The relationship between invasive nonty-
phoidal Salmonella disease, other bacterial bloodstream
infections, and malaria in sub-Saharan Africa. Clin Infect Dis
62 (suppl 1): S23-S31.

Gordon MA, Graham SM, Walsh AL, Wilson L, Phiri A, Molyneux
E, Zijlstra EE, Heyderman RS, Hart CA, Molyneux ME, 2008.
Epidemics of invasive Salmonella enterica serovar Enteritidis
and S. enterica serovar typhimurium infection associated with
multidrug resistance among adults and children in Malawi.
Clin Infect Dis 46: 963-969.

Church J, Maitland K, 2014. Invasive bacterial co-infection in
African children with Plasmodium falciparum malaria: a sys-
tematic review. BMC Med 12: 31.

Price RN, Simpson JA, Nosten F, Luxemburger C, Hkirjaroen L,
ter Kuile F, Chongsuphajaisiddhi T, White NJ, 2001. Factors
contributing to anemia after uncomplicated falciparum malaria.
Am J Trop Med Hyg 65: 614-622.

Burmen B, Owuor N, Mitei P, 2017. An assessment of staffing
needs at a HIV clinic in a Western Kenya using the WHO
workload indicators of staffing need WISN, 2011. Hum Resour
Health 15: 9.

World Health Organization, 2013. Pocket Book of Hospital Care
for Children: Guidelines for the Management of Common Child-
hood llinesses, 2nd ed. Available at: https://apps.who.int/iris/
handle/10665/81170. Accessed July 8, 2023.

Camponovo F, Bever C, Galactionova K, Smith T, Penny M,
2017. Incidence and admission rates for severe malaria and
their impact on mortality in Africa. Malar J 16: 1.

Wiens MO et al., 2015. Postdischarge mortality in children with
acute infectious diseases: derivation of postdischarge mortal-
ity prediction models. BMJ Open 5: e009449.

Akech S, Kwambai T, Wiens MO, Chandna A, Berkley JA, Snow
RW, 2023. Tackling post-discharge mortality in children living
in LMICs to reduce child deaths. Lancet Child Adolesc Health
7: 149-151.

Diallo AH et al., 2022. Childhood mortality during and after acute
illness in Africa and south Asia: a prospective cohort study.
Lancet Glob Health 10: e673-€684.

Otieno RO, Ouma C, Ong’echa JM, Keller CC, Were T, Waindi
EN, Michaels MG, Day RD, Vulule JM, Perkins DJ, 2006.
Increased severe anemia in HIV-1-exposed and HIV-1-
positive infants and children during acute malaria. AIDS 20:
275-280.

Malamba S, Hladik W, Reingold A, Banage F, McFarland W,
Rutherford G, Mimbe D, Nzaro E, Downing R, Mermin J,
2007. The effect of HIV on morbidity and mortality in children
with severe malarial anemia. Malar J 6: 143.

Omore R et al, 2019. Rates of hospitalization and death for
all-cause and rotavirus acute gastroenteritis before rotavirus
vaccine introduction in Kenya, 2010-2013. BMC Infect Dis 19:
1-11.


http://apps.who.int/medicinedocs/en/m/abstract/Js21000en/
http://apps.who.int/medicinedocs/en/m/abstract/Js21000en/
https://apps.who.int/iris/handle/10665/81170
https://apps.who.int/iris/handle/10665/81170

